Abstract Understanding conservation and livelihood threats in park landscapes is important to informing conservation policy. To identify threats, we examined perceived risks of residents living near three national parks in Uganda. We used cross-sectional household data to document, rank, and measure severity of perceived risks. Three risk categories, grouped into protected area, climate, and health, were cited by 80 % of respondents and received the highest severity scores. Elevation, proximity to the park, local forest loss, recent population change, and measures of poverty were the most important variables in predicting whether or not an individual identified these risks as the most or second most severe risk. Health issues were cited throughout the landscape, while problems attributed to climate (mainly insufficient rainfall) were reported to be most severe farther from the park. Increased population density was associated with increased perceived risk of health challenges, but decreased perceived risks attributed to the park and climate. Participatory risk mapping provides the opportunity to make standardized comparisons across sites, to help identify commonalities and differences, as a first step to examining the degree to which conservation management might address some of these local challenges and where mitigation techniques might be transferable between different sites or conflict scenarios.
INTRODUCTION
Protected areas (PAs) are often effective in reducing land cover change within their borders (Andam et al. 2008; Campbell et al. 2008 ) but do not always address social problems (e.g., resource scarcity, population growth) outside their boundaries. The PA model for biodiversity protection and conservation has a defining impact on wild areas remaining in the world, and a significant impact on the way in which local people interact with protected lands and landscapes that surround them. Thus, PAs cannot be viewed in isolation; the establishment of PAs invariably affects the livelihoods of people living in surrounding communities or within their boundaries (Ferraro and Hanauer 2014) . Most biodiverse regions within the tropics are or soon will be agricultural lands managed by highdensity populations surrounding a few remaining islands of natural area Wittemyer et al. 2008) . A major concern is that PAs will not be sustainable due to population pressure and land-use intensification outside their boundaries (Cincotta et al. 2000) . Increased population density leads to increased land conversion and landuse intensification surrounding parks, altering ecological function and biodiversity within parks . This juxtaposition of biodiversity preservation and agriculture in biodiversity hotspots greatly challenges conservation mechanisms and adds risk to local livelihoods near PAs.
There is debate about the virtues of PAs, and local consequences of PAs can be contrary and variable (Terborgh and van Schaik 2002; Adams et al. 2004; Hutton et al. 2005; Brockington and Wilkie 2015) . Undeniably, there are winners and losers; regulations associated with PAs constrain people's livelihood activities and can increase conflict between humans and wildlife (West et al. Electronic supplementary material The online version of this article (doi:10.1007/s13280-016-0775-8) contains supplementary material, which is available to authorized users.
2006), despite local people being highly dependent on natural resources. Tensions can arise from eviction from PAs through the loss of rights and privileges, corruption, disruption in land tenure, little or no compensation, and unwelcome attention (Hoffman et al. 2011 , Goldman 2011 . PAs can also attract migrants and stimulate land-use change (Wittemyer et al. 2008) , serve as economic engines and prompt development projects directed at poverty alleviation (Ferraro et al. 2011) , and provide important ecosystem services. Domesticated landscapes outside PAs are important because they represent reservoirs of land, resources, and economic opportunity for people (Hayes 2006) , and are often viewed as buffers by PA managers (Schonewald-Cox and Bayless 1986; Gaston et al. 2008) . Conservation success, often predicated on local support for the PA, is influenced by local experiences and opinions of PA management (Bennett and Dearden 2014) , and the reality that potential or perceived benefits may not outweigh the negative relationships, histories, problems, risks, and conflicts involved in living near a PA (Davis 2011) . Given the pervasiveness of the PA model in conservation initiatives worldwide, understanding the concerns of local people living near PAs is important for managing conservation landscapes and creating greater respect for and inclusivity of neighboring communities, and devising, prioritizing, and targeting risk mitigation strategies.
The complex interactions between PAs and smallholder farmers are exemplified in national park landscapes of the Albertine Rift in Sub-Saharan Africa. The Albertine Rift, which encompasses 313 000 km 2 and extends from northern Uganda to northern Zambia, is one of the most important conservation regions in Africa. It is a biodiversity hotspot that is home to the greatest number of endemic African vertebrate species (Plumptre et al. 2007 ) but severely threatened due to intensive smallholder agriculture and subsequent high rates of habitat loss and conversion (Fisher and Christopher 2007) . The majority of the greater than 40 million people living in the Rift are farmers, who rely completely on adequate rainfall and soil fertility, and their intensity of land use is rapidly increasing as a result of some of the highest human population growth rates in the world (PRB 2012) .
The transition from park to domesticated landscape in the Albertine Rift is abrupt since local populations are often excluded from parks, and communities cultivate land right up to park boundaries, providing easy but illegal access to park resources that may help mitigate livelihood vulnerabilities, particularly for poorer households (MacKenzie and Hartter 2013). However, living next to a park also exposes households to risks that affect economic stability, food security, and their lives. For example, many people complain of crop loss and livestock predation by park-protected animals. These human-wildlife encounters are blamed for loss of food and seed sources, zoonotic disease transmission (Salyer et al. 2012) , and poor childhood education resulting from children guarding crops instead of attending school . Climate variability exacerbates these risks because the timing and amount of precipitation from seasonal rains directly affect yields and food security. While it has been argued that proximity to the park has no effect on productive assets (Naughton-Treves et al. 2011), people living near parks face important challenges and may seek retribution for lost crops and livestock by poaching park resources.
Given the potential for conflict around parks in East Africa and given the history of establishment using fortress conservation (Neumann 1998; Brockington 2002; Hartter and Goldman 2011) , an understanding of the entangled relationships of parks and neighbors is important. Knowing how local people perceive their problems in PA landscapes is crucial to pinpointing and mitigating potential conflicts. In this paper, we hypothesize that perceptions of risk (SI text 1) depend on the distance to the park boundary, and a combination of social, demographic, and environmental factors. Using cross-sectional household data, we examine the perceived risks by local residents living near three national parks in Uganda, and the risk mitigation measures they employ, using participatory risk mapping (Smith et al. 2000) . Studying three parks allows us to control for physical differences in park landscape (savannah versus forest) and provides a wider perspective of the national park system in the Ugandan Albertine Rift. By calculating measures of risk severity and incidence, and mapping these respondent-identified risks, coupled with satellite-derived measures of land cover, population density, and other parameters, we examine the key predictors of perceived risk in households near the parks in order to identify critical locations where conflict between local residents and park management may be more likely to occur.
STUDY SITES
We conducted our research near three national parks in the Albertine Rift of Uganda: Kibale National Park (KNP), Murchison Falls National Park (MFNP), and Queen Elizabeth National Park (QENP) (Fig. 1) . None of the park boundaries are fenced, leading to direct interaction between the park and local communities. Agriculture is the dominant livelihood near all of these parks, but the geographies of the three parks vary. KNP is a relatively small forest park, while QENP and MFNP are predominately savannah. Human population density is significantly higher and agriculture more intensive near QENP and KNP compared to MFNP. The north-south movement of the Intertropical Convergence Zone (ITCZ) and the associated rainbelt controls strongly the intra-annual variability of rainfall at the three parks (Nicholson and Grist 2003) .
Therefore, the parks typically have two rainy seasons: QENP receives much less rainfall than the other two parks, especially during the long rains (i.e., September- Fig. 1 Upper left National parks where surveys were conducted; upper right park boundaries overlaid on population density showing the high human population surrounding Ugandan parks; lower left forest cover in 2000 illustrating the island character of Ugandan parks; lower right deforestation between 2000 and 2010; forest parks outlined in green and savannah parks outlined in orange. Gray area is the area outside of the Albertine Rift, and the shading was used to draw readers attention to the Albertine rift area November), and MFNP receives much more rainfall during boreal summer (Diem et al. 2014a ).
Kibale National Park
(1100-1600 m a.s.l., 795 km 2 ) lies just north of the equator and is a remnant of a transitional forest between mid-altitude tropical forest (north) and savannah (south), surrounded by a large subsistence agricultural population. KNP, gazetted as a national park in 1993, is situated in one of the most densely human-populated areas in Uganda (Hartter et al. 2015 
MATERIALS AND METHODS

Household surveys
Between 2011 and 2013, a total of 795 household surveys were conducted in communities within 5 km of park boundaries (310 KNP, 308 QENP, 177 MFNP). We used a 5-km boundary, as it was previously shown to encompass the localized effects of park presence (Hartter and Goldman 2011) . We used the geographic sampling strategy of designating ''superpixels,'' as in previous work (e.g., Hartter and Goldman 2011). Since we were examining the park-neighbor interaction, ranger stations and entrance gates served as anchor points for 5 km buffers within which we conducted our research. Within each of those 5-km areas, ten superpixels were randomly generated (9 ha circle areas, with radii of 170 m). If superpixels overlapped, fell into urban areas (since land holdings and livelihoods are widely diversified, and direct connection to the national park is limited), water, or in restricted spaces (e.g., United Nations airfield, prison lands), a new random superpixel centroid location was generated. Five households were selected from among all landholders (those who rent, borrow, or own) in each superpixel. Respondents could be either the household head or their spouse. The survey instrument had two parts: (1) a series of fixed-choice questions to characterize demographics and land use, and (2) a series of open-ended questions for respondents to self-identify and rank risks. Interview location (the house or family compound) was recorded using a handheld global positioning system receiver. All interviews were conducted in local tribal languages, Kiswahili, or English by a Ugandan field assistant. Our prior experience in Uganda found interviewer subjectivity could influence participant responses (MacKenzie 2016). As a result, we ensured no westerners attended interviews as they are seen as potential benefactors, informed consents identified that interviewers are not as a government employees. We also conducted subjectivity interviews with field assistants to understand potential sources of bias. Before conducting any interviews, the appropriate permissions were obtained from the local government, village leaders, and survey respondents. Table 1 provides a summary of respondent characteristics.
Risk severity
We used the participatory risk procedure described by Smith et al. (2000) and modified by Baird et al. (2009) , to create incidence and severity scores for each risk, valued from 0 to 1. Respondents were free to name whatever risks they felt were important to them and their household, and there was no limit on the number of risks that participants could name. After respondents named and ranked all risks, they were asked how they prevent or mitigate the effects of each named risk. Risks were first coded as a threat to life, livelihoods, or lifestyle (SI Text S2). Within each of these categories, the identified risks were thematically coded. We then calculated the overall risk severity for each named risk for each respondent. The result of this formula is a number showing increasing severity from 0 to 1 and allows for comparison between the severity scores among all risks. The severity index versus incidence scores was then plotted for each of the three national parks (SI Text 2).
Spatially explicit datasets
We used spatial information and datasets for population, forest cover, and deforestation as variables in our statistical analysis. Population, poverty, birth, and pregnancy data were extracted from WorldPop (www.worldpop.org.uk), using average density (people per hectare) from 2005 and 2010, proportion of population living under $1.25 per day from the year 2011, as well as live births and pregnancies per grid square from 2000 and 2012. All WorldPop data had an average spatial resolution at the equator of 100 meters. For forest cover and deforestation, we used Landsat derived Global Forest Change data, available only for the year 2000 (www.earthenginepartners.appspot.com/science-2013-global-forest), with forest cover or trees defined as vegetation taller than 5 m and a percent of each 30 m pixel is reported. As determined by Hansen et al. (2013) , deforestation was the loss or change of a pixel from a forested to a non-forested state and is reported as a binary change. Both of these spatial layers are approximately 30 m resolution at the equator SI Text 2).
Modeling
We used Conditional Random Forests to examine predictors of a binary response of the three main risks being named as the most severe or second most severe of the risks a household faces. Probability weights were applied (Lee and Forthofer 2006) to correct for design bias related to local population near each park. The 'party' package (Hothorn et al. 2006; Strobl et al. 2008 Strobl et al. , 2007 in R (R Core Team 2015) was used to judge variable importance over 5000 unbiased conditional inference trees. As Random Forests that are built from individual classification trees are biased toward selecting variables with more categories over variables with only a few, we used unbiased conditional inference trees, sampled without replacement as recommended by Strobl et al. (2007) . This allowed for variables, such as Park (3 unique values), to have the potential to be just as important as variables with many unique values, such as elevation. We illustrated the average impact of each variable on the response over the 5000 conditional inference trees for model interpretation using partial dependence plots in the 'edarf' R package (Jones and Linder 2015) . The parameters used in model creation are described in Table S2 . Multicollinearity was checked and corrected using the 'usdm' package (Naimi 2015) in R using the variance inflation factor (VIF) to remove the terms with the highest multicollinearity through an iterative process until all VIF values were less than 10 (Hair et al. 1995) . This resulted in a subset of 12 of the original 20 potential regressors used in the Random Forest model generation. We then used out-of-the-bag (OOB) error to choose the best model for each risk. A benefit of OOB error and Random Forests is that OOB error does not require a test set, as the OOB estimate is derived from the 36.8 % of samples not included in the building of each inference tree, and has been shown to be just as accurate as a cross validation set (Breiman 1996) .
RESULTS
What do people worry about most?
Ninety-two unique risks were named and subsequently binned into categories of risk typology (life, livelihoods, and lifestyle) and then thematic sub-categories (protected area, health, and climate) (SI Text S1, Table S1 ). Some risks were named once, while others were named many times. These differences may be attributable to translation, or due to distinct risks perceived by different respondents. In general, risks to lifestyle (e.g., poor infrastructure and cost of living) received the lowest composite risk scores, were mentioned relatively infrequently, and when mentioned, tended to affect households less than other categories. Risks to life (e.g., food security, wildlife attack) were ranked as more severe risks, though not necessarily the most often mentioned. Risks to livelihoods (e.g., land tenure security and crop yields) were generally named more often and had higher severity scores than risks to lifestyle and risks to life (Fig. 2) . Despite the somewhat different social and environmental contexts of the three national parks, the same three main categories of risks stood out in all three parks with high incidence and high severity: protected area, climate, and human health. Combining data from all three parks, protected area had a risk severity value of 0.845, climate had value of 0.641 and health had a value of 0.585. Agricultural and pastoral risk were also widely cited and had a relatively high severity score (37 % of all respondents across all parks, risk severity value of 0.485). Uniquely, at MFNP, wildlife attacks were more widely cited than at the other two parks, but there was also more fear of outsiders and worry about land tenure and resources. People have recently returned from internally displaced people's camps following the expulsion of the Lord's Resistance Army in northern Uganda only to face land tenure conflict with outsiders, drawn by the potential of abandoned land, and oil exploration in and around the park, grabbing untitled land.
Protected area
Risks attributed to the presence of the protected area had the highest severity score at all three sites and were reported by 88 % of respondents; 84 % at KNP, 97 % at MFNP, and 88 % at QENP. Crop raiding by wildlife (mentioned by 81 % of respondents) was reported most often as a park-based risk and, when named, had a high severity score. At KNP, 72 % of households said that the protected area represented a high or extreme risk, 69 % at QENP, and 84 % at MFNP. While there were minor spatial variations in risk levels at KNP, the other two parks had some noticeable east-west differences: (1) risk severity near MNFP was lowest in northwest communities, near the Nile River/Lake Albert confluence; (2) risk severity near QENP was highest around the northwest edge of the park near the Congo border (Fig. 3) . Table S2 shows variable importance for the protected area Random Forest model. In general, individual factors (e.g., residence time, sex, age, and education) tend to have lower importance than distance to park, overall population change, and natural population growth for risk perception. Elevation, proportion of people living on less than $1.25 per day, deforestation, and which park respondents live near were also important predictors ( Figure S2 ). Respondents were more likely to designate the protected area as a primary or secondary risk, controlling for other variables, if they lived in areas with the following characteristics: closer to the park (\3.75 km), higher birthrate increases (2000-2012), higher proportion of people living on less than $1.25/day, low to medium elevation, and lower population growth. While in many areas birthrate and population growth can often increase simultaneously, there are areas where migration is stronger determinant of population growth than birthrate, or vice versa. Since there was no severe multicollinearity between these variables, we can assume that they contained unique information from one another. People near KNP and QENP were less likely to designate protected area as a #1 or #2 risk than those living near MFNP.
Climate
Overall, 79 % of respondents named climate as a risk. Residents near QENP named climate more often (89 %) than those near KNP (70 %) and MFNP (74 %), with the most frequently mentioned climate risk being drought (49 % overall, 48 % QENP, 55 % KNP, and 42 % MFNP). Climate was identified as the primary or secondary risk by 48 % at QENP, 51 % at KNP, and only 17 % at MFNP, with severity ranked as high or extreme by 51 % of respondents at KNP, 46 % at QENP, but only 17 % at MFNP, much lower than in communities near the other two parks. No apparent spatial clustering emerged around any of the three parks ( Figure S5 ). Table S1 Table S2 shows that elevation was the most important variables in the Random Forest model to predict which residents perceive climate to be one of their top two risks. Those who live in areas of higher elevation (above 1000 m) are more likely to see climate as a high risk ( Figure S3 ). In addition, areas that have lower rates of poverty and those who live farther from the park perceive climate as a #1 or #2 important risk; perhaps as crop raiding diminishes farther from the park, residents are less preoccupied with the risk of raiding and their concern over climatic conditions heightens. Where population change has been lower, respondents are also more likely to perceive climate as an important risk. Compared to MFNP, people living near KNP and QENP are more likely to rank climate as an important risk, but probably for different reasons; climatic conditions are drier around QENP, whereas rainfall was reported to be more variable around KNP compared to MFNP.
Health
Health was also an important risk category; named by 87 % of respondents (88 % KNP, 85 % QENP, and 90 % MFNP). Most people mentioned ''fever'' and malaria. While health was mentioned frequently, it was only the primary or secondary risk in 38 % of households (42 % Fig. 3 Risk map of ''protected area'' risk perceived by households near National Parks. No risk = that particular risk was not named by the respondent. Low risk had a severity score ranging from 0.1 to 0.3; medium risk 0.31-0.6; high risk 0.61-0.9; and extreme risk from 0.91 to 1.0 Ambio 2016, 45:692-705 KNP, 47 % MFNP, and 30 % QENP; Figure S6 ). Residents in areas where population density has increased at a higher rate are more likely to report health as a top risk. Additionally, those living in either high (above 1400 m) or low (below 750 m) elevations have a higher perceived health risk than those living in middle elevations ( Figure S4 ). Respondents near MFNP have a higher likelihood of reporting health as a top risk compared to the other parks, perhaps because they are less concerned about climate risk.
Risk mitigation strategies
The most prevalent theme in the risk mitigation responses was the expectation that government or Uganda Wildlife Authority (UWA) should solve respondents' problems. They looked to the government to help prepare for year-to-year changes in rainfall, stop crop raiding, provide infrastructure, create jobs, provide tree seedlings, land, and irrigation, and even to clear snakes from their gardens. For crop raiding, respondents suggested UWA employ more rangers to guard crops, build crop-raiding defenses, or provide compensation to cover losses. However, 63 % of households spent time guarding against crop-raiding animals (73 % MFNP, 76 % KNP, 56 % QENP), 13 % had dogs to scare away wild animals (27 % MFNP, 1 % KNP, 17 % QENP), and 12 % said they set fires and made noise to keep wild animals away (24 % MFNP, 0 % KNP, 17 % QENP). Eight percent of survey households (12 % MFNP, 11 % QENP) said UWA should allow farmers to kill raiding animals, admitting they already set traps to do so, although this practice was rarely mentioned around KNP (1.3 %). To combat the risk of food insecurity, resulting from crop raiding or climate change, respondents said they needed more land (19 %). All of the 52 respondents wanting more land around MFNP planned to buy or rent, but 79 (13 %) respondents around KNP and QENP suggested that it was the government's responsibility to make more land available with five respondents near QENP suggesting park land be given or sold to them for crop cultivation. To mitigate the impacts of climate variability, respondents suggested waiting for the rains and planting at different times (11 %), planting trees (3 %), using drought tolerant seed (2 %), or using irrigation (2 %). Twenty respondents said they would resort to poaching park resources (firewood, meat, fish, and grazing their cattle). To mitigate health risks, 50 % of respondents said they would visit clinics and take drugs, although 9 % of respondents mentioned they would take herbal medications but that these herbs were hard to get outside the park. Since malaria is so prevalent in the Albertine Rift, 15 % of respondents planned to use nets to protect themselves. The health risk posed by the lack of clean drinking water led 9 % of respondents to boil water or to use purification tablets, while 9 % of respondents said that the government should be building water pumps and boreholes.
DISCUSSION
People living near PAs bear higher crop-raiding costs than those living farther away (MacKenzie and Ahabyona 2012), but two other important risk categories emerged that may be less obvious: climate and health. Our results concur with research near Tarangire National Park in Tanzania, where human disease, drought, and conservation were identified as risks, and respondents were particularly concerned that conservation policies might limit land use or confiscate land for park expansion (Baird et al. 2009 ). Quinn et al. (2003) found disease and water availability to be two of the most important risks in semi-arid villages in central and northeast Tanzania, while Webber and Hill (2014) found high crop-raiding severity in communities near Budongo Forest Reserve, adjacent to MFNP.
As human population grows, more land is used for farming, fewer resources are available, the landscape fills in, and PAs become insularized. Thus, population growth and forest loss prove useful predictors for conservation risks. Human risk perception provides another predictor in these conservation landscapes, because perception influences behavior (Baird et al. 2009 ). If communities proximate to PAs decide to access park resources or intensify resource use on the land adjoining PAs, then conservation objectives can be threatened (Oates 1999; MacKenzie and Hartter 2013) . Although there is no consensus as to whether people preferentially move within close proximity of PAs (Wittemyer et al. 2008) , Hartter et al. (2015) found the population density around KNP to be 1.5 times higher than farther from the park boundary over the span of 43 years, and Zommers and MacDonald (2012) found areas close to MFNP were more populated. Human population growth near these PAs means more opportunity for interaction with the park (i.e., resource collection, human-wildlife interaction), and these landscapes are no longer frontiers. Mitigation and avoidance become difficult because nearly everyone is farming and little unclaimed land remains.
Protected area
Crop raiding presents a risk to people near PAs, with financial losses (e.g., crops and seed sources) incurred far outweighing benefits from conservation sources (MacKenzie 2012). Park-protected wildlife damage farmers' crops and take their food, possibly even leading to local human displacement (Chiyo and Cochrane 2005) , and perceived lost opportunity costs because crop guarding reduces the time available for school or income generating activities (MacKenzie and Ahabyona 2012; MacKenzie et al. 2015) . Our results confirm local perceptions that raiding intensifies near more forested areas. Since many animals are protected, past crop-raiding mitigation techniques, such as killing the intruding animal, are now illegal, although some local residents still set traps, lay snares, and put out poisons to stop crop-raiding animals.
The land surrounding these parks is exceptionally fertile and well suited for agriculture. Remnant forests are often cut and productive tropical wetlands drained to create land for high-density subsistence agriculture and to collect timber for fuel. As available land and resources dwindle and human population increases, park-community relationship are strained as residents want access to resources locked away within the park. Crop raiding has become more prevalent on farms next to the park edge as both human and wildlife populations have increased (MacKenzie and Ahabyona 2012). Many animals use the forest patches as travel corridors, and without them, have to cross into the agricultural matrix. However, farmers report that the best defense for crop raiding is to have more people for two reasons: less natural habitat for the wildlife to travel in and more frontline households to absorb most of the crop raiding. Although higher human population density has been linked to more frequent crop raiding, this tends to be in areas of relatively low human population density where more people increase the frequency of human-wildlife interaction (Sitati et al. 2003) . Around these three parks in Uganda, human population is already high, so increases in population density buffer more of the population as frontline households take the brunt of the damage (MacKenzie and Ahabyona 2012).
Climate
Over 80 % of farmers in Uganda practice rain-fed agriculture, a practice that is sensitive to climate variability. Farmers complained of decreasing yields and were concerned about climate changes (timing, duration, and perceived erratic nature of rainy seasons, and drought). Poorer households are more concerned because drought and timing of rainfall not only leads to reduced or lost harvest for that season but also affects the abundance of seed source for the following season, further reinforcing existing vulnerabilities to food insecurity, malnutrition, and disease (Labbé et al. 2015) . Moreover, the local belief that living closer to the park results in more rainfall (Hartter et al. 2015 ) is upheld in this study, where people farther from the park were more worried about the climate-although this claim has yet to be empirically verified. In a previous study around KNP, MacKenzie (2012) found that 97 % of respondents (n = 596) identified more rainfall next to the park. One local chairperson explained that the yield was double relative to 5kms farther from the park 1 . Thus, people say they would rather live closer to the park, despite the potential for park conflict (Naughton-Treves et al. 2011) because they can do something about the wildlife, but not about lack of rain (Hartter and Goldman 2011) . The lack of climate variability buffering strategies proposed by our participants highlights the vulnerability of smallholder households to climate variability and the lack of adaptive capacity to deal with these changes. Although traditional knowledge, migration, and crop diversification have provided resilience to change in the past, it is unclear if these approaches will be sufficient in light of rapidly increasing human population density and land shortage (Niang et al. 2014) . This is disconcerting, since there has been a drying trend in western Uganda-and thus less soil moistureover the past several decades (Diem et al. 2014b) , and near-term projections show a decrease in soil moisture due to rising temperatures (Kirtman et al. 2013) .
Interestingly, elevation was the most important predictor for perceived climate risk, with households at higher elevations (above 1000 m) more likely to highlight climate as a risk. Households near MFNP were much less concerned with climate as opposed to households around QENP and KNP because most households surveyed near QENP and KNP were above 1000 m. QENP has two distinct dry seasons, but MFNP does not have a true dry boreal summer (see Diem et al. 2014a) , so people near MFNP should be less concerned about available precipitation, and less likely to report drought. Further, QENP sits in the rain shadow of the Rwenzori Mountains creating hotter and drier conditions, leading to much less available soil moisture. Based on the mitigation strategies suggested by respondents near KNP and QENP, park managers need to prepare for a potential rise in illegal resource extraction and boundary encroachment as yields decrease due to low soil moisture.
Health
Health was another important concern among residents in these park landscapes. The rich biodiversity of the Albertine Rift includes high abundance of ticks and other species of disease vectors and reservoirs (Lafferty 2009 ). MacKenzie and Ahabyona (2012) found that living next to KNP brings a perceived increase in human disease such as malaria. We found that perception of health as a top risk is more likely where human population has increased and at higher elevations. The literature strongly supports the idea that proliferation and emergence or re-emergence of infectious diseases can be driven by land-use and other environmental factors, including climate change (Labbé et al. 2015) , with natural habitat loss and fragmentation from agricultural expansion being one of the most important factors (Patz et al. 2004) . Land-use change may affect the number of vectors and parasites as well as their interactions with hosts, ultimately affecting disease severity and occurrence (Schotthoefer et al. 2011) , and biodiversity declines have been linked with increases in parasitism and the spread of parasitic diseases (Hatcher et al. 2012) .
Another possible explanation is that exposure to disease outbreaks, such as yellow fever, anthrax, and Ebola in this region have led to a raised level of awareness of health issues. Further, there have been education and sensitization campaigns by the Ministry of Health, non-profit organizations (e.g., Conservation Through Public Health, Kibale Health & Conservation Project), and researchers, which could raise concerns of local people. Our results may provide some evidence that there is a link between sickness and population growth, and that local people rely on access to clinics, modern drugs, mosquito nets, and clean water sources to mitigate this risk. It is unclear how health risk will interact with conservation, but improved legal access to medicinal plants inside PAs may be needed (Labbé et al. 2015) .
CONCLUSION
Our results point to important stressors that are common to both conservation and local livelihoods in park landscapes: population growth, forest loss, and climate change. Residents near three parks in Uganda identified the protected area (e.g., crop raiding), climate (e.g., variable timing and amount of rainfall), and health (e.g., disease) as most frequently reported and highest severity risks, with protected area and health risks linked to population growth and forest loss. Climate variability will further exacerbate food insecurity and disease for local residents, and as wildlife becomes isolated inside PAs, animals moving to alternate suitable areas in response to climate change will be constrained by human population, resulting in more humanwildlife conflict bordering PAs and potentially, more zoonotic disease transmission.
Future analyses that examine the relationship between risk perception and information networks that mitigate risk will provide further insight into the connection between perception and action in conservation landscapes. In places with high population density and where effects of the park quickly diminish with distance, future research should address how PA management could incorporate consultation with local people to create opportunities for risk mitigation for both livelihoods and conservation objectives. Understanding how perception of risk in the past shapes objective risk in the future, and hence, the actions people will choose to employ to mitigate risk will require behavioral modelling that accounts for discounting, reciprocity, and inertia (Venkatachalam 2008 ). This analysis is complex, requiring much consultation and data gathering. However, future investments can be limited by focusing on the three primary risks identified in this research. Lastly, understanding the nature and spatial extent of perceived risks would aid in the geographic targeting of intervention strategies. This could be particularly helpful with respect to health in developing a systematic, comprehensive, and spatially explicit syndromic surveillance that would identify environmental, cultural, and socio-economic factors that contribute to perceived health risk.
Participatory risk mapping provides the opportunity to make standardized comparisons across sites, to help identify commonalities and differences, to examine the degree to which conservation management might address some local challenges, and where mitigation techniques might be transferable between different sites or conflict scenarios. The method provides a first pass at identifying the main areas of concern for people and is useful in conservation landscapes where the dialogue can be informed by a holistic perspective across sites. Understanding the nature of local residents' perceived risks will allow conservation managers to adapt strategies when risk mitigation strategies of local residents might threaten protected wildlife. Given the commonality and interaction between livelihood and conservation stressors found in this study, adaptive conservation strategies may also help support local livelihoods, if those strategies mitigate crop raiding, and protect tree cover; but health care provisioning and delivery and access to medicinal plants must also be addressed (Chapman et al. 2014) .
